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Introduction

Post-frame utility buildings, formerly called “pole
barns,” are versatile and economical structures. They
can be appropriate for storing machinery or housing
livestock. Other uses include residential and commer-
cial buildings, boat sheds, fair exhibit buildings, corn
cribs, horizontal silos, hay barns, shops, utility sheds,
covered feed bunks, lumber sheds, warehouses, road-
side stands, cabins, and airplane hangars.

The National Frame Builder’s Association defines a
post-frame building as: “A building whose sidewalls
have as its basic supporting member wood posts and /
or laminated columns integrated into a structural
system that acts as the bearing walls, partitions and
support for the floor and roof systems.” The charac-
teristic and key element of this type of construction
is the use of vertical posts or poles that act to carry
building loads to the ground (see figure 1 below and
figure 2, page 2). Because these wooden columns are
in contact with the ground, they must be preserva-
tive-treated to resist decay (see section on Preservative
Treatment, page 9).

Post-frame buildings can be cost-effective for a vari-
ety of uses when compared with buildings
constructed with continuous concrete footings, foun-
dations, and stud walls. They can range in size from
simple 10-foot-by-12-foot shelters to large, clear-span
buildings 100 feet wide and several hundred feet long.

One or more sides of a post-frame building may be
left open for a simple, low-cost shelter. During cold
weather, heavy-duty curtains can be used on open-
sided structures.

This handbook will help you understand design con-
siderations involved in the construction of a
post-frame building. In some cases, particularly in
rural areas where professional design help is not
readily available, the information in this handbook
may be used to complete the preliminary design of
an agricultural building, storage shed, or other unin-
habited structure. English units of measurement will be
used throughout this handbook; however, metric and other
conversion factors have been included in appendix A on
page 71.

Due to the complex effects of combined loading
in a post-frame structure, you should always have
plans reviewed by an experienced professional de-
signer. Table values given in this handbook are
presented for guidance only and should not be
used in place of assistance from an experienced
design professional.

An experienced consulting engineer or other design
professional will usually be able to reduce both con-
struction costs and the risk of building failure while
incorporating your specific needs into a completed
building design. In addition, the design professional
can be contracted to provide the following specific
services:

Purlin
Braces

Spaced girder

Rafter

Pole-to-
girder brace

Grade —

/gﬁ Rafter
= span
Footing pad Concrete P

Note: Most buildings use roof trusses instead

of rafters (see figure 2, page 2). Pole embedment

collar A

Ridge cap Roofing

_ Girt
“P.PT. skirt planking

Spaced girder
P.R.T. pole

P.P.T. = pressure preservative-treated

Figure 1. Traditional “pole barn” with common rafters.
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Purlin

Roof truss

Knee brace

Bottom chord bracing

Footing

Truss span :
pad- |

P v

Sy

Ridge cap

Eave
height

N\ s
J | ~ Post spacing
g Grade _

E;g Tie-down block

Spaced girder (plate)
Post
“ Concrete embedment
collar P.P.T. post

_ Roofing

(pressure preservative-treated)

Figure 2. Post-frame building with trusses.

drawings of and specifications for the building,
cost estimates and construction financing plans,

assurance of compliance with local zoning
and regional codes (see section on Building Codes,
page 3),

assembly of bid packages,

construction management (including arranging for
a contractor),

construction review to assure that the building is
erected according to design plans, and

advisability and cost of any changes to the
original building plans due to specific site require-
ments or unexpected contingencies.

When planning a post-frame structure of any type,
the following information will be required by the
building designer:

a site plan of all existing and proposed facilities,
the intended use of the building,

the capacity requirements of the building (square
feet of storage, number of animals, tons of feed,
etc.),

special building use needs (such as animal or ma-
nure handling facilities, equipment clearances,
etc.), and

anticipated expansions or connections to existing
buildings within the next twenty to thirty years.

Advantages and Limitations
of Post-Frame Construction

Some of the advantages gained by selecting a post-
frame structure over other types of construction are:

Post-frame construction is generally simpler, faster,
and less expensive than other types of construc-
tion.

No massive or continuous foundation is needed.

Site preparation is relatively simple when a level
and well-drained site is chosen.

Post-frame buildings are assembled in units (bays
or bents) that can be easily added to the end of the
building as more space is needed.

A wide variety of building widths and configura-
tions are available (figure 3). Also, since posts
support the roof, sides can be left open for easy
access.

The common use of engineered structural mem-
bers such as laminated posts has allowed for more
flexible design alternatives (see section on Engi-
neered Structural Wood Products, page 9).

Business, family, or local labor can often be used
for construction.

Small post-frame structures are suitable as do-it-
yourself projects.

Post-Frame Building Handbook




26-foot width

52-foot width

39-foot width

Figure 3. Selected post-frame building widths and configurations.

* Rectangular or square cross-sectional posts can be
used for an even-sided, neat appearance.

Some of the limitations inherent in many post-frame
structures are:

* Site conditions such as rock outcroppings can limit
the depth of posts and may make other founda-
tion types desirable or necessary.

* Post-frame utility buildings are rarely more than
one story high.

* Generally, the use of wood posts (laminated or
solid-sawn) and wood roof trusses limits the
sidewall height to 20 feet and clear spans to 100
feet. Heights and spans greater than this require
more rigorous professional design, along with
builders experienced in these larger structures.
Subsequently, construction costs per square foot
may increase.

* Insulated post-frame buildings with interior wall
finishes can be as expensive as conventionally-con-
structed buildings with stud walls and continuous
concrete foundations.

* Round poles, if used in place of square or rectan-
gular posts, may give a wavy or uneven
appearance to the sidewalls.

Introduction

Building Codes

Model building codes are legal documents that set
forth the minimum requirements to protect the pub-
lic health, safety, and general welfare as they relate to
the construction and occupancy of buildings and
structures. Most building codes are consensus docu-
ments, continually studied and periodically revised
by building officials, industry representatives, and
other interested parties. The content and administra-
tion of building codes vary among states and
municipalities; however, most building codes regu-
late construction based on building occupancy and
use. Building codes are usually administered at the
local level, as are zoning laws.

Zoning laws are established to control construction
activities and regulate land use in terms of types of
occupancy, building height, and density of popula-
tion and activity. Typically, land is zoned for
residential, commercial, industrial, or agricultural use.
Both zoning ordinances and building codes are en-
forced by the granting of building permits and
inspection of construction work in progress. Before
planning a new post-frame building, check with local offi-
cials about specific building ordinances.

The three primary building codes in the United States
are the Uniform Building Code (UBC); the National
(Basic) Building Code, published by the Building Of-
ficials and Code Administrators (BOCA); and the



Standard Building Code (SBC). Figure 4 shows the
areas of model building code influence in the United
States. Note that Wisconsin and New York building
codes are developed on a statewide basis and are not
necessarily equivalent to current model codes.

Information in this handbook is based on standard engi-
neering practice and experience with agricultural buildings
and is not intended to meet the requirements of all build-
ing codes. Historically, building codes have not applied
to agricultural buildings, since the risk to life and
property was perceived to be relatively small. How-
ever, code enforcement of agricultural buildings,
including post-frame structures, is increasing.

The building owner must carefully consider the in-
herent probability of failure as a managed risk. In
general, the more conservative the post-frame build-
ing design, the more expensive the initial cost.
Therefore, risk and economy are inversely related.
Risk of post-frame building failure can be successfully
managed through the engineering design process and
through building codes.

Chapter 1. Materials

The performance of any building is dependent on the
materials used in the construction.

Wooden members in a post-frame building such as
posts, poles, girts, purlins, braces, and trusses must
be able to resist all applied loads. The ability of
wooden members to resist loads is dependent on the
shape, length, species, moisture content, and quality
of the members, and on the fastening method. All
wood that is in contact with the ground or concrete—
such as posts, poles, and bottom skirting—must be
preservative-treated.

Early “pole” buildings used preservative-treated
poles (figure 1, page 1)—round, unsawn wooden
members similar to the poles used by electric and tele-
phone utilities. The trees used for poles are machined
to remove bark and trim knots flush to the surface.

Uniform Building
Code (UBC)

Note: Wisconsin and New York building codes are o
developed on a statewide basis and are not
necessarily equivalent to current model codes.

Basic Building
Code (BOCA)

Standard Building A
Code (SBC) D 4

Figure 4. Model building code map. (Reprinted with permission from Walker and Woeste, Post-Frame Building Design, 7992.)

Post-Frame Building Handbook




The poles retain their natural taper, which provides a
larger area for bearing at the bottom of the pole and a
larger cross-sectional area where the greatest bend-
ing stress occurs. Poles are seldom uniform in size
and taper. Solid-sawn rectangular posts and engi-
neered posts made by laminating dimensional lumber
are being used in most new buildings (figure 2, page
2). Figure 5 shows the differences among a pole, a
solid-sawn post, and a glued-laminated post.

The decision of a building owner to use poles or posts
will depend on availability, cost, and the desired use
of the finished building. Because poles are seldom
used anymore, this handbook will emphasize the use
of posts (both solid-sawn and laminated) for post-
frame design and construction.

The roofing that keeps wind, rain, and snow out of
the building must be supported by the roof framing.
The selection of roofing and siding materials will be
influenced by cost, length of service, and desired ap-
plication, including aesthetics. Roof framing directly
or indirectly transfers roof loads to the posts, and the
posts carry the load to the ground.

Lumber

Wood is a natural material with characteristics includ-
ing strength, ease in machining, and good
fastener-holding ability that make it desirable for post-
frame buildings. Wood characteristics that create
design challenges include differences in strength due
to species, grade, moisture content, temperature, and
orientation to a load. The American Forest & Paper
Association (AFPA) has a recommended practice
called the National Design Specification for Wood Con-
struction, or NDS. The NDS has recommended
procedures for the proper design of structural wood

=== S S p—
&
@ 4
Pole Post Laminated
Cross Cross post cross
section section J section
N N T
Pole Solid-sawn post Glued-laminated post with
pressure-treated
laminations in base

Figure 5. Poles, posts, and laminated posts.

Chapter 1. Materials

members. Accepted practices of design using graded
lumber, structural glued-laminated timbers, timber
piles, and standard fasteners are included in the speci-
fication.

Asupplement to the NDS, Design Values for Wood Con-
struction, is also available from AFPA. This publication
provides design values for wood construction using
graded wood products of various species and dimen-
sions. Design values in the NDS Supplement are based
on grade, species, size, and moisture content, as well
as a variety of specific modification factors (see sec-
tion on Structural Lumber Grades on page 6).

Size

Lumber is usually sold by nominal, or rough-sawn,
size. Most commercial lumber is dressed or planed
smooth so it is %5 to % inch smaller than the nominal
size. Lumber that is designated as 545 has been “sur-
faced on four sides.” Table 1 lists sizes of commonly
available construction lumber. Appendix B in the back
of this handbook lists standard dressed sizes and de-
sign properties of 545 sawn lumber.

The standard unit of measurement for a quantity of
lumber is the board foot, also referred to as the board
measure. The measurement represents a 1-inch-thick
board 12 inches wide by 12 inches long. The board
measure, in feet, for each 10 and 12 feet of length for
selected lumber sizes is given in table 1. Prices are
quoted in dollars per thousand board feet (or thou-
sand board measure, M.B.M.), dollars per board foot

Table 1. Nominal size, surfaced size, and board measure of dimension
lumber and timbers.

Dimension Lumber & Timber Size

Board Board
Nominal Actual Feet Feet
Size, Size, per 10-foot per 12-foot

inches inches length length
Dimension 2x4 12x3'2 643 8
Lumber 246 112 x5'2 10 12
2x8 e x 7' 1313 16
2x10 12x 94 16%3 20
2x12 e x 11 20 24
Posts & 4x4 32 x 3% 13" 16
Timbers 46 32 x 5% 20 24
6x6 52 x5 30 36
6x8 5'2x7' 40 48
6x10 5'%x 9" 50 60
8x8 2 x 7' 533 64

Adapted from American Forest and Paper Association, Design Values for Wood
Construction, NDS Supplement, Revised 1991 Edition, p. 10.

Board Feet (or Board Measure) = [ Nominal Width (inches) x Nominal Thickness
(inches) x Actual Length (feet) ]/ 12.



board feet = [nominal width (inches)
x nominal thickness (inches)
x length (feet)] = 12

Structural Lumber Grades ;
Table 2.




